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COMPLETE SPECIFICATION 

Gas-Lubricated Bearing 



We, National Research Development 
Corporation, of 1, Tilney Street, London, 
W.l, a British Corporation established by 
statute, do hereby declare the invention, for 
5 which we pray that a patent may be granted 
to us and the method by which it is to be 
performed, to be particularly described in and 
by the following statement: — 

This invention relates to bearings where the 
10 bearing members are capable of relative move- 
ment in a plane and where gas under pressure 
is introduced between the relatively movable 
members place of conventional lubricants. 
According to the invention there is provided 
15 a gas lubricated bearing having two co-oper- 
ating members, a first member and a second 
member, a clearance space between the two 
members, which are capable of relative move- 
ment in a plane, a passage for the supply of 
20 gas under pressure to the clearance space to 
maintain such clearance space, at least one 
chamber in the first member, a restricted 
passage in the first member communicating 
with the chamber and adapted to offer resist- 
25 ance to the flow of gas, the chamber com- 
municating with the clearance space to form 
a pressure zone, the zone being bounded in 
part by a surface of the second member, the 
chamber being so shaped, its associated re- 
30 stricted passage being so proportioned and 
located relative to the chamber and its associ- 
ated pressure zone being so located relative to 
the chamber and to the second member that 
any oscillation of the members relative to each 
other, in a direction such as to increase or 
decrease the clearance space, sets up corres- 
pondingly periodic gas pressure alternations 
in the pressure zone having a phase such that 
pressure maxima occur when the relatively 
oscillating members are in an 
position of relative oscillatory 
and are moving towards one another so i 
decrease the clearance space. 

According to the invention there is further 
provided a bearing comprising two 
[Price 3s. 6d.] 
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each member having a surface which co-oper- 
ates with a similar surface on the other mem- 
ber with a clearance space between them, 
either or both members being capable of move- 
ment in a plane, at least one inlet passage 
communicating with the clearance space for 
the introduction of gas under pressure into the 
clearance space to maintain such clearance 
space, at least one escape passage communicat- 
ing with the clearance space for the escape of 
said gas under pressure, at least one opening 
in one of the members communicating with 
the clearance space (which opening may per- 
form the function of either the said inlet 
passage or said escape passage) the said open- 
ing being so located, in relation to said inlet 
and escape passages, as to produce a flow of 
gas between the opening and the clearance 
space which flow is varied by reason of, and 
is related in the phase of its variations to any 
oscillations of one of the members relative to 
the other member in a direction having vector 
component perpendicular to the said plane and 
pneumatic phase shifting means associated 
with the opening arranged to derive from such 
variations of gas flow a correspondingly vary- 
ing gas pressure in the said opening, the phase 
of which is such that the resulting force, act- 
ing on the surface of the member opposite 
the said opening, has a vector component the 
maxima of which coincide with velocity 
maxima of oscillation of the member or 
members, perpendicular to each other, and 
the sign of which vector component is such 
as to oppose the said oscillation. 

The invention will be more clearly under- 
stood from the following detailed description 
of certain embodiments of the invention illus- 
trated in the drawings accompanying the 
Provisional Specification in which : — 

Fig. 1 is a diagrammatic representation of 
a gas-lubricated bearing of a known type. 

Fig. 2 is a graph relating to the operation 
of the bearing in Fig. 1. 

Fig. 3 is a diagrammatic representation of 90 
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another known type of gas-lubricated bearing. 

Fig. 4 is a graph relating to the operation 
of the bearing in Fig. 3. 

Fig. 5 is a diagrammatic representation of a 
5 bearing according to the invention. 

Fig. 6 is a vector diagram relating to the 
operation of the bearing in Fig. 5. 

Fig. 7 is a diagrammatic representation of 
another bearing according to the invention. 
10 Fig. 8 is a diagrammatic representation of 
a third bearing according to the invention. 

Fig. 9 is a vector diagram relating to the 
operation of the bearing in Fig. 8. 

Fig. 10 is a cross section of part of a fourth 
15 bearing according to the invention. 

Fig. 11 is a vector diagram relating to the 
operation of the bearing in Fig. 10. 

In bearings of the air lubricated type hither- 
to known, an example of which is illustrated 
20 in Fig. 1, a body 1 having a plane lower 
surface of extended area is separated from a 
pad 2 by means of a thin film of gas dis- 
posed in a clearance space 3, the gas being 
supplied under pressure to an injector hole 4 
25 in the pad 2. 

The gas film from the injector hole supports 
the plane surface with a force which increases 
when the clearance 3 is decreased, the relation- 
ship between the supporting force F and 
30 depth h of clearance 3 being shown in Fig. 
2, from.which it will be seen that the restoring 
force F becomes negative when the clearance 
exceeds a certain depth. This is a well known 
effect. 

35 in an alternative type of bearing as shown 
in Fig. 3, the gas is supplied through a small 
orifice 4, to a shallow depression. In this case 
F varies with h as shown in Fig.- 4. 
A bearing of either of the types shown-in 

40 Figs. 1 and 3 provides a restoring force which 
is approximately proportional to the displace- 
ment and consequently it behaves like a spring. 
The mass supported by the pad 2 is thus 
effectively supported on a spring, and an 

45 externally applied shock or impulse will set the 
system into oscillation, the frequency of the 
oscillation being given by: — 

Hi - 

where y is the stiffness of the spring and m 
SO i s the apparent mass of the body 1 in a direc- 
tion normal to the plane of the pad 2. 

The amplitude of such oscillation decreases 
slowly with time, i.e. the system is lightly 
damped. 

35 In the arrangement shown in Fig. 1 os- 
cillation of the said plane surface 1 modulates 
a gas stream which is supplied through the 
jet 4 so as to provide an alternating com- 
ponent of current in the supplied gas. When 

60 the oscillation modulates the gas supply in this 
manner the modulated pressure peaks of the 



resulting alternating pressure component co- 
incide in time with the instants of maximum 
displacement of the said plane surface from 
its equilibrium position. At these instants 65 
the oscillation velocity of the plane is at a 
minimum since the velocity and displacement 
are in quadrature with one another. For the 
maximum resistance to oscillation the pressure 
peaks should coincide with instants of maxi- 70 
mum velocity of the plane and it is therefore 
necessary for the alternating pressure com- 
ponents produced by modulation of the gas 
supply on oscillation of the plane to differ in 
phase, ideally by 90°, irrespective of oscilla- 75 
tion frequency. This ideal phase angle may 
not be achieved at all frequencies in practical 
arrangements according to the invention but 
an approximation to the ideal phase shift gives 
a marked superiority over previously known 80 
gas lubricated bearings. 

For the purpose of analysing and defining 
the phase relationships of the various gas 
streams and oscillations, the oscillation of the 
said plane surface may be regarded as the 85 
projection on a line normal to the plane of a 
complex vector e which rotates with an angular 
velocity <fl = 2rf, where f is the frequency of 
oscillation. The distance k between the plane 
and the pad at a given time t is given by W 

7z=8— e cos to t 
where S is the mean separation. 

The various gas streams, pressures and 
forces can likewise be represented by complex 
vectors which have definite phase relationships 95 
with the complex vector of oscillation. 

A number of arrangements according to the 
invention, for inhibiting oscillation, will now 
be described in relation to the Figs. 5 and 
11. 100 

In the embodiment shown in Figure 5 a 
body 1 having a plane lower surface is sup- 
ported a short distance away from a disc or 
pad 2 by means of a film of gas which is 
supplied under pressure to an injector hole 4 i05 
in the centre of the pad. The gas from the 
clearance flows into an annular cavity 3 of 
capacity C, formed in the upper surface of the 
pad and surrounding the hole 4. From the 
cavity 3 most of the gas escapes through an HO 
orifice 20 of resistance R. The remainder 
escapes through the clearance between the said 
plane surface and the outer periphery of the 
annular cavity. Assuming for simplicity of 
analysis that the latter escape of gas is negli- 115 
gibly small (although in practice it may be 
appreciable) the plane surface forms a part of 
the walls of the cavity, 3, so that the gas 
pressure in the cavity exerts a force on the 
plane equal to the product of that pressure 120 
and the area of the plane which forms part 
of the cavity wall. 

The current of gas entering the cavity 3 of 
Figure 5 will consist of a steady component 
and an alternating component whose peak 125 
value is proportional to the peak amplitude of 
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oscillation of the said plane surface from its 
equilibrium position. The capacity C and the 
resistance R which are, (to use an electrical 
analogy), effectively in parallel, present an 
5 impedance Z to the alternating component 7 
of the current, and thus the alternating pres- 
sure pw in the cavity is given by the equation 
pm = lZ 



where 1= I - ! 

VF +(2Ttfc) 2 

10 f being the frequency of oscillation. The pres- 
sure pw lags behind the current I, the phase 
angle being given by 
tan« =RuC, or sin «=ZuC 
where <o=2jrf. 

15 This is represented vectorially in Figure 6 the 
left hand portion of which shows the phases 
of the gas currents. The vertical vector 7 E 
represents the current flowing in the resistance 
R, the horizontal vector I a represents the 

20 current flowing in the cavity 3 and the slanting 
vector Ie represents the resultant of the other 
two currents and is in phase with the oscillatory 
displacement vector e of the said plane surface. 
The right hand portion of Figure 6 shows 

25 the corresponding pressure phase relationship 
to the dotted vector e representing the oscil- 
latory displacement of the said plane surface 
from its equilibrium position. Vector pw is in 
phase with 7 E and represents the alternating 

30. pressure in cavity 3 and it is shown resolved 
into a component pw cos a in phase with the 
displacement vector and a component pu> sin 
* in quadrature with the displacement vector. 
This quadrature pressure component acting on 

35 the area A of the said plane surface, opposite 
the cavity, resists motion due to oscillations 
of the plane. 

In an alternative embodiment the stabilising 
cavity is separated from the supporting disc. 

40 The plane surface is supported, a short dis- 
tance from the stabilising system. Figure 7 
shows such a system and gas flows into the 
cavity 3 through the clearance between the 
said plane surface and the annular surround- 

45 ing margin of the cavity. This requires the 
pressure surrounding the cavity to be greater 
than the pressure at the outlet of the resistance 
orifice R. Any oscillation of plane modulates 
the gas stream flowing into the cavity and the 

50 stabilising action is exactly the same as in the 
arrangement of Figure 5. 

A further embodiment of the invention is 
shown in Figure 8. Here the clearance h, 
between the pad and the said plane surface 

55 of body 1 is enlarged as compared with the 
previously described embodiments. The effect 
of this is that the said plane surface is attracted 
towards the pad when gas under pressure is 
forced through the entry hole 4 into the clear- 

<W ance space. 



This is a well known phenomenon and the 
explanation of it is apparent on inspection 
of Figure 2 where it is seen that, with clear- 
ances above a certain size (.002 in the instance 
to which Figure 2 relates), the force F becomes 65 
negative. 

The attractive force is approximately pro- 
portional to the pressure in the gas entry 

Gas is supplied to the clearance space 70 
through a narrow inlet 20 having a resistance 
R into a cavity 3 of capacity C and thence 
through hole 4 into the clearnce space between 
the pad and the said plane surface. 

The various phase relationships are illus- ^5 
trated vectorially in Figure 9. If the said 
plane surface oscillates at a frequency f and 
with an amplitude e the pressure in the cavity 
3 will have an alternating component pw. 

If the flow of gas entering the cavity 3 80 
through resistive passage 20 is constant and 
supposing that the pressure ratio across the 
resistive passage 20 is greater than 2, the 
alternating component of the current 7 B , in 
the entry hole 4 is given by the equation 7 B = 85 
pwoiC (where «. = 2rf) and is in quadrature 
with the pressure p„. The effective size of 
entry hole 4 varies inversely with the 
clearance k and it has a resistance R\ (its 
resistance with the body 1 stationary and the 90 
clearance at its normal or mean value) and 
when the said plane surface of 1 is oscillating, 
a varying component of resistance R*o is 
added. 

The left hand diagram of Figure 9 shows a 95 
current vector 



leading the current 7 B by 90° and the result- 
ant of these two currents (7 B and 7 Bo ) is Ie 
and is in antiphase with the displacement 100 
vector e, shown dotted on the right hand 
diagram of the Figure. 

The alternating pressure component pw is 
in phase with 7 Bo and it can be resolved into 
a component pw cos a in phase with the dis- 105 
placement vector e, and a component pw sin 
« in quadrature with the displacement vector 
e so that when k is increasing pw is large, 
thus resisting the increase of h. 

A further embodiment of the invention is 110 
illustrated in Figure 10. 

A shallow cavity 3 is formed in the surface 
of the pad facing the said plane surface of the 
object 1. Gas supply to the cavity 3 is con-' 
trolled by a pneumatic amplifier which re- 115 
sponds to pressure variations in cavity 3 with 
a lagging phase relationship. 

The response is such that an increase of 
pressure in cavity 3 results in a decrease of 
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Gas eaters a cavity 11 from which a pass- 
age 4 leads to cavity 3. A diaphragm 5, which 
forms one wall of cavity 11, co-operates with a 
raised seating 6 formed at the end of passage 

5 4 remote from cavity 3, to control the flow 
of gas into cavity 3. Diaphragm 5 is urged 
towards seating 6 by a spring 7 which may 
be adjusted by means of a screwed plug 7a. 
The other side of diaphragm 5 forms a wall 

10 of a closed cavity 9 the only access to which is 
through a hole 10 in diaphragm 5. 

Gas at constant pressure is supplied to 
cavity 11 and lifts diaphragm 5 off the valve 
seating 6 against the force of spring 7 thus 

15 admitting gas to cavity 3. Gas entering cavity 
3 escapes through the clearance between the 
surface of the wall surrounding cavity 3 and 
the said plane surface of 1. Gas from cavity 
3 also leaks into cavity 9 through a reistance 

20 constituted by the hole 10 in diaphragm 5, 
though an alternative passage could be pro- 
vided. The pressure in cavity 9 builds up with 
a time constant t=R u C 9 where Rio is the 
resistance of hole 10 and C 9 is the capacity of 

25 cavity 9. Equilibrium is reached when the pres- 
sure in cavity 9 becomes equal to the pressure 
in cavity 3. The volume of cavity 3 is made as 
small as possible. 

In the steady state let p„ be the pressure 

30 in cavity 3 and R a the resitance of the leak 
past the edges of the cavity 3. 

If the said plane surface oscillates at a 
frequency f the pressure in cavity 3 becomes 
p 0 + pw and the resistance of the leak becomes 

35 

The current leaking past the edges of 
cavity 3 is given by the expression 



For small amplitudes of oscillation this ex- 
pression may be expanded to : 



The last term is small and may be neglected. 
The first term represents the steady component 
of flow through cavity 3, 
45 In cavity 9 the phase of the pressure lags 
behind the phase of the pressure in cavity 3. 
The alternating component of the current 
entering cavity 3 is in antiphase with this 
pressure. 

50 Vector diagrams for the pressure and 
currents are shown in Figure 11. 

The second term of the above expanded 
expression for the current may be called Z Eo 



and is represented by the vertical vector of the 
left hand part of Figure 11. Joined to the top 55 
of this is the vector I l0 representing the current 
through hole 10. Joined to the bottom of the 
I Uo vector is the vector I 6 representing the 
current passing through the varying space be- 
tween the diaphragm 5 and the seating 6. 7 6 . 60 

(Iao) 

= g and the term m brackets represents 

(C 0 ) 

the movement of diaphragm 5 whilst the 
symbol g represents the amplification factor 
(or gain) of the pneumatic amplifier constituted 
by the valving action of diaphragm 5 in co- "5 
operation with seating 6. Joined to the left hand 
end of vector 7 6 is vector 7 3 which is equal to 
p u <oC 3 and represents the current flowing in 
cavity 3. Joining the ends of vectors Z 3 and 
7 l0 is the vector le which represents the third 70 
term of the above expanded expression for 
current namely, 

V hi 



which is in phase with the oscillatory displace- 
ment of the said plane surface. ? 5 

The right hand side of Figure 11 shows the 
pressure vectors. A vertical vector />„, is parallel 
to the I na current vector and the displacement 
vector e, which is shown by a dotted line, is 
parallel to the Ie vector on the left. The pres- 80 
sure vector pu> may be resolved into two vec- 
tors, po> cos * in antiphase with the displace- 
ment vector e and p,, sin « in quadrature with 
the displacement vector e which latter com- 
ponent, acting on the said plane surface, resists 85 
oscillation thereof, and by a suitable choice of 
values, stability may be ensured. 

The said plane surface, in the absence of 
any oscillatory tendency, will take up a posi- 
tion in relation to the pad which depends 90 
principally on the amount of gas entering 
cavity 3, which may be regulated by adjust- 
ment of spring 7 by means of plug la. 

Taking the example illustrated in Figure 
% for a load of 14 kilogrammes, and a supply 95 
pressure of 7 atmospheres absolute, the di- 
mensions are as follows : — The pad 2 consists 
of a cylindrical member 8 centimeters in dia- 
meter, and of a depth suitable for the installa- 
tion concerned, for example 3 centimetres. The 100 
injector hole 4 is situated at the centre of the 
pad and has a diameter of .4 centimetres. The 
cavity 3 is annular in formation, the inside 
diameter of the annulus being 6 centimetres 
and the external diameter being 7 centimetres. 105 
The cavity, therefore, has a rectangular cross- 
section which is .5 centimetres wide and its 
depth is 1.39 centimetres. It is substantially 
symmetrical about the injector hole 4. A 
single orifice 20 is positioned at any suitable 110 
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position in the bottom of the cavity and has a 
diameter of .255 centimetres. The clearance H 
at the stated load is .002 inches, which is 
approximately .005 centimetres. 

5 For the eaxmple illustrated in Figure 8, for 
a load of 5.25 kilogrammes and a supply pres- 
sure of 14 atmospheres absolute, the dimen- 
sions are as follows: — The pad 2 is cylin- 
drical, having a diameter of 6 centimetres. The 

10 depth of the pad will depend on that required 
to contain the various items, i.e. the injector 
4, cavity 3, orifice 20, and means for con- 
necting the supply plug. In the example con- 
sidered, it is approximately 2 centimetres. The 

15 injector hole 4 is .4 centimetres diameter, and 
is situated centrally in the pad 2. The Orifice 
20, through which is supplied the air, is .078 
centimetres in diameter. For the operating con- 
ditions given, the volume of the cavity 3 is 

20 ,0315 cubic centimetres. Conveniently, the 
diameter of the cavity can be made .525 centi- 
metres, the depth of the cavity being .146 
centimetres. 
In a practical application, for instance to a 

25 sliding carriage required to move in one 
direction along a slideway, five supporting 
pads could be used, mounted on two inclined 
planes on a slideway, and co-operating with 
two correspondingly inclined flat planes on the 

30 carriage. Two longitudinally displaced pads 
would co-operate with each inclined plane and 
a fifth pad would be required on one of the 
planes, vertically displaced from the other two 
pads in that plane, to prevent rotation of the 

35 carriage around the axis of intended move- 
ment. Not all these pads need necessarily in- 
corporate oscillation stabilising cavity systems 
and those not so equipped could take the form 
of Figure 1 or 3. In such a case the oscillation 

40 stabilising cavity systems would be confined to 
to the positions required to suppress oscilla- 
tion in directions where oscillation might be 
expected to occur. 

In such an arrangement the five pads would 

«15 act in opposition to the weight of the carriage, 
which would generally be sufficient to avoid 
lifting of the carriage but downwardly facing 
pads could also be furnished if required. 
In a further practical application, for in- 

50 stance a thrust bearing, the thrust load could 
be taken on one or more supporting pads. 
Any rocking movement of the axis of the shaft 
could be contained either by journal bearings 
of known type, or by the stabilised gas lubri- 

55 cated type according to my co-pending Patent 
Application No. 7714/55 (Serial No. 797,528). 

In the above descriptions, the supporting 
pads have been shown as co-operating with a 
plane surface on the object supported. This 

60 surface need not necessarily be flat, the sur- 
faces of the two members being shaped to co- 
operate. 

WHAT WE CLAIM IS: — 

1. A gas lubricated bearing having two co- 

65 operating members, a first member and a 



second member, a clearance space between the 
two members, which are capable of relative 
movement in a plane, a passage for the supply 
of gas under pressure to the clearance space 
to maintain such clearance space, at least one 70 
chamber in the first member, a restricted pas- 
sage in the first member communicating with 
the chamber and adapted to offer resistance, 
to the flow of gas, the chamber communicating 
with the clearance space to form a pressure 75 
zone, the zone being bounded in part by a 
surface of the second member, the chamber 
being so shaped, its associated restricted pas- 
sage being so proportioned and located relative 
to the chamber and its associated pressure 80 
zone being so located relative to the chamber 
and to the second member that any periodic 
oscillation of the members relative to each 
other, in a direction such as to increase or 
decrease the clearance space, sets up corres- 85 
pondingly periodic gas pressure alternations in 
the pressure zone having a phase such that 
pressure maxima occur when the relatively 
oscillating members are in an intermediate 
position of relative oscillatory displacement 90 
and are moving towards one another so as to 
decrease the clearance space. 

2. A bearing comprising two members, each 
member having a surface which co-operates 
with a similar surface on the other member 95 
with a clearance space between them, either 

or both members being capable of movement 
in a plane, at least one inlet passage com- 
municating with the clearance space for the 
introduction of gas under pressure into the 100 
clearance space to maintain such clearance 
space, at least one escape passage communicat- 
ing with the clearance space for the escape of 
said gas under pressure, at least one opening 
in one of the members communicating with 105 
the clearance space (which opening may per- 
form the function of either the said inlet pass- 
age or said escape passage) the said opening 
being so located, in relation to said inlet and 
escape passages, as to produce a flow of gas 110 
between the opening and the clearance space 
which flow is varied by reason of, and is 
related in the phase of its variations to, any 
oscillation of one of the members relative 
to the other member in a direction having a 115 
vector component perpendicular to the said 
plane and pneumatic phase shifting means 
associated with the said opening arranged to 
derive from such variations of gas flow a 
correspondingly varying gas pressure in the 120 
said opening, the phase of which is such that 
the resulting force, acting on the surface of 
the member opposite the said opening, has a 
vector component the maxima of which coin- 
cide with velocity maxima of oscillation of the 125 
member or members perpendicular to each 
other, and the sign of which vector compon- 
ent is such as to oppose the said oscillation. 

3. A bearing as claimed in claim 2 with one 

or more inlet passages in the member con- 130 
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taining the said opening, which passage or 
passages communicate with the clearance space 
and are additional to and associated with said 
opening, from which gas under pressure may 

5 be caused to flow into such opening via the 
clearance space so that the rate of such flow 
is varied by and in phase with the said 
perpendicular vector component of any relative 
oscillation between the two members, the said 

10 pneumatic phase shifting means comprising a 
cavity associated with each opening which may 
be the opening itself, associated with each 
cavity a passage restricted so as to offer resist- 
ance to the flow of gas to or from the cavity, 

15 the cavity and restricted passage being so 
proportioned that on relative oscillation of the 
members in a direction having a perpendicular 
vector component as aforesaid, a varying gas 
pressure is applied to the surface of the member 

20 opposite the said opening which varying gas 
pressure is shifted in phase in relation to the 
variations of gas flow into that opening from 
the clearance space. 

4. A bearing as claimed in claim 2 in which 

25 each said passage for the introduction of gas 
under pressure into the clearance space has a 
duct section of restricted cross section so as to 
offer resistance to flow of gas therethrough, 
a cavity and a section forming one of the said 

30 openings, and in which there is provided at 
least one passage for the escape of gas from 
the clearance space, the duct section and cavity 
constituting at least part of the said pneumatic 
phase shift means. 

35 5. A bearing as claimed in claim 2 having 
a movable control member controlling the flow 



of gas between the openings and the clearance 
space and, associated with each of the said 
openings, a cavity (which may be common 
to two or more openings) and a duct of re- 40 
stricted cross section so as to offer resistance 
to the flow of gas into or out of the cavity, 
the said movable control member being re- 
sponsive to varying pressures in the cavity to 
vary the flow of gas through the said opening 45 
(or openings) so as to amplify pressure varia- 
tions therein, the cavity and duct constituting 
at least part of the said pneumatic phase shift 
means. 

6. A bearing as claimed in claim 5 in which 50 
the movable control member is a diaphragm 
forming at least part of one wall of the cavity 
referred to in claim 5. 

7. A bearing as claimed in claim 6 in which 

the duct of restricted cross-section referred to 55 
in claim 5 consists of a hole in said diaphragm. 

8. A bearing substantially as described and 
as shown in Figs. 5 and 6 of the accompany- 
ing drawings. 

9. A bearing substantially as described and 60 
as shown in Fig. 7 of the accompanying draw- 

8 10. A bearing substantially as described and 
as shown in Figs. 8 and 9 of the accompany- 



11. A bearing substantially as described and 
as shown in Figs. 10 and 11 of the accom- 
panying drawings. 

G. A. BLOXAM, 
Chartered Patent Agent, 
Agent for the Applicants. 



PROVISIONAL - SPECIFICATION 
Gas-Lubricated Bearing 



We, National Research Development 
70 Corporation, of 1 Tilney Street, London, 
W.l, a British Corporation established by 
Statute, do hereby declare this invention to be 
described in the following statement: — 
This invention relates to bearings which are 
75 lubricated by gas. 

There are certain applications in engineer- 
ing where the use of liquid lubricated bearings 
is inconvenient or impracticable. In such cases 
it is known that the relatively moving surfaces 
80 may be separated by means of a thin film of 
compressed gas. Such bearings are known as 
"externally pressurised gas lubricated bear- 
ings" or "aerostatic bearings". 

In the copending patent application No. 
85 7714/55 (Serial No. 797528), there is des- 
cribed a rotating bearing of this type with 
certain novel features. 

It is now proposed to provide a similar bear- 
ing for supporting two relatively movable 
90 bodies for relative movement in a plane. 

The invention will be more clearly under- 
stood from the following description of certain 



embodiments illustrated in the accompanying 
drawings. 

A component of a bearing of the type des- 95 
cribed is shown in Figure 1. It comprises a 
body 1 having a plane lower surface of ex- 
tended area which is separated from a pad 2 
by means of a thin film of gas disposed in a 
clearance space 3 the gas being supplied 100 
under pressure to an injector hole 4 at the 
centre of the pad 2. 

The gas film from the injector hole supports 
the plane surface with a force which increases 
when the escape path via the clearance 3 is 105 
reduced, the relationship between the support- 
ing force F and the said clearance escape 
path of depth h, being shown by the curve 
of Figure 2 from which it will be seen that 
the force F becomes negative when the clear- 110 
ance exceeds a certain size. This is a well 
known effect 

An alternative type of bearing component is 
shown in Figure 3. The pad is provided with 
a shallow depression which- is supplied with 115 
compressed gas through' a small orifice or 
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resistance. In this case F varies with h approxi- 
mately as shown in Figure 4. 

A bearing component or unit of either of 
these types can only be relied upon to pro- 

5 vide a single constraint normal to its surface, 
and consequently a complete bearing with the 
usual single degree of freedom requires a 
minimum of five pads providing five con- 
straints, thus leaving one degree of freedom. 

10 A bearing unit of either of the types shown 
in Figures 1 and 3 provides a restoring force 
which is approximately proportional to the 
displacement and consequently it behaves like 
a spring. The mass supported by the pad is 

15 thus effectively supported on a spring, and in 
the event of an externally applied shock or im- 
pulse will set the system into oscillation; the 
frequency / of oscillation being given by 

H! 

20 where y is the stiffness of the spring and m 
is the apparent mass of the body 1 in a direc- 
tion normal to the plane of the pad. 

The amplitude of such oscillation decreases 
slowly with time, i.e. the system is lightly 

25 damped. 

To obviate this it is necessary to provide 
a force which resists the oscillation of the 
bodywith respect to the pad and causes the 
amplitude of any accidentally excited oscilla- 

30 tion to decrease rapidly with time. For this 
purpose a gas, preferably air, is supplied under 
pressure from an external source, and oscilla- 
tion of the plane surface of body 1 modulates 
the gas stream which flows through the clear- 

35 ancc between the pad and the said plane sur- 
face so as to provide an alternating component 
of current in the gas stream, a pneumatic net- 
work being provided which either alone or in 
conjunction with a pneumatic amplifier gener- 

40 ates a component of pressure whose phase 
differs from that of the current. This pressure 
component is applied to an area of the said 
plane surface so that it generates an alternat- 
ing force of a phase such that it resists oscilla- 

45 tion of the plane. 

For the purpose of analysing and denning 
the phase relationships of the various gas 
streams and oscillations the oscillation of the 
said plane surface may be regarded as the 

50 projection on a line normal to the plane of a 
complex vector e which rotates with an angular 
velocity <o = 2ir/, where f is the frequency of 
oscillation. The distance h between the plane 
and the pad at a given time t is given by 

55 h=$— s cos to t 

where 8 is the mean separation. 

The various gas streams, pressures and 
forces can be likewise represented by complex 
vectors which have definite phase relationships 

60 with the complex vector of oscillation. 



In the arrangement of Figure 1 oscillation 
of the said plane surface modulates a gas 
stream which is supplied through the hole 4 
in the centre of the pad so as to provide an 
alternating component of current in the 65 
supplied gas. When the oscillation modulates 
the gas supply in this manner the modulated 
pressure peaks coincide in time with the in- 
stants of maximum displacement of the said 
plane surface from its equilibrium position. At 70 
these instants the oscillation velocity of the 
plane is at a minimum since tht velocity and 
displacement are in quadrature with one 
another. For the maximum resistance to oscil- 
lation the pressure peaks should coincide with 75 
instants of maximum velocity of the plane, 
and it is therefore necessary for the alternating 
pressure components produced by modulation 
of the gas supply by oscillations of the plane, 
to differ in phase, ideally by 90°, irrespective 80 
of oscillation frequency. This ideal phase angle 
may not be achieved at all frequencies in 
practical arrangements according to the inven- 
tion but an approximation to the ideal phase 
shift gives a marked superiority over pre- 85 
viously known gas lubricated bearings. 

A number of oscillation inhibiting arrange- 
ments will now be described in relation to 
Figures 5 to 11 of the accompanying drawings. 

In the embodiment shown in Figure 5 a 90 
body 1 having a plane lower surface is sup- 
ported a short distance away from a disc or 
pad 2 by means of a film of gas which is 
supplied under pressure to an injector hole 4 
in the centre of the pad. The gas from the 95 
clearance flows into an annular cavity 3 of 
capacity C, formed in the upper surface of the 
pad and surrounding the hole 4. From the 
cavity 3 most of the gas escapes through an 
orifice 20 of resistance R. The remainder 100 
escapes through the clearance between the 
said plane surface and the outer periphery of 
the annular cavity. Assuming for simplicity 
of analysis that the latter escape of gas is 
negligibly small (although in practice it may 105 
be appreciable) the plane surface forms a part 
of the walls of the cavity 3, so that the gas 
pressure in the cavity exerts a force on the 
plane equal to the product of that pressure 
and the area of the plane which forms part of 110 
the cavity wall. 

The current of gas entering the cavity 3 of 
Figure 5 will consist of a steady component 
and an alternating component whose peak 
value is proportional to the peak amplitude of 115 
oscillation of the said plane surface from its 
equilibrium position. The capacity C and the 
resistance R which are, (to use an electrical 
analogy), effectively in parallel, present an 
impedance Z to the alternating component I 120 
of the current, and thus the alternating pres- 
sure p„ in the cavity is given by the equation 
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where Z = I - 

f being the frequency of oscillation. The pres- 
sure p u lags behind the current I, the phase 
angle being given by 

5 tan t>.=RaC, or sin a=Z<aC 

where m = 2-nj 
This is represented vectorially in Figure 6 the 
left hand portion of which shows the phases 
of the gas currents. The vertical vector 7 E 

10 represents the current flowing in the resistance 
R, the horizontal vector 7 C represents the 
current flowing in the cavity 3 and the slanting 
vector Ie represents the resultant of the other 
two currents and is in phase with the oscil- 

15 latory displacement vector e of the said plane 
surface. 

The right hand portion of Figurt 6_ shows 
the corresponding pressure phase relationship 
to the dotted vector e representing the oscilla- 

20 tory displacement of the said plane surface 
» from its equilibrium position. Vector p a is in 
phase with 7 E and represents the alternating 
pressure in cavity 3 and it is shown resolved 
into a component p a cos « in phase with the 

25 displacement vector and a component pu sin * 
in quadrature with the displacement vector. 
This quadrature pressure component acting on 
the area A of the said plane surface, opposite 
the cavity, resists motion due to oscillations of 

30 the plane. 

In an alternative embodiment the stabilising 
cavity is separated from the supporting disc. 
The plane surface is supported, a short dis- 
tance from the stabilising system. Figure 7 

35 shows such a system and gas flows into the 
cavity 3 through the clearance between the 
said plane surface and the annular surrounding 
margin of the cavity. This requires the pres- 
sure surrounding the cavity to be greater than 

40 the pressure at the outlet of the resistance 
orifice R. Any oscillation of plane modulates 
the gas stream flowing into the cavity and the 
stabilising action is exactly the same as in the 
arrangement of Figure 5. 

45 a further embodiment of the invention is 
shown in Figure 8. Here the clearance k, 
between the pad and the said plane surface of 
body 1 is enlarged as compared with the 
previously described embodiments. The effect 

50 of this is that the said plane surface is attrac- 
ted towards the pad when gas under pressure 
is forced through the entry hole 4 into the 
clearance space. 
This is a well known phenomenon and the 

55 explanation of it is apparent on inspection 
of Figure 2 where it is seen that, with clear- 
ances above a certain size (.002 in the instance 
to which Figure 2 relates), the force F becomes 
negative. 

60 The attractive force is approximately pro- 



portional to the pressure in the gas entry hole 
4. 

Gas is supplied to the clearance space 
through a narrow inlet 20 having a resistance 
R into a cavity 3 of capacity C and thence 65 
through hole 4 into the clearance space be- 
tween the pad and the said plane surface. 

The various phase relationships are illus- 
trated vectorially in Figure 9. If the said 
plane surface oscillates at a frequency / and 70 
with an amplitude e the pressure in the cavity 
3 will have an alternating component p a . 

If the flow of gas entering the cavity 3 
through resistive passage 20 is constant and. 
supposing that the pressure ratio across is 75 
greater than 2, the alternating component of 
the current 7 B , in the entry hole 4 is given by 
the equation I B =p^C (where a>=2irf) and is 
in quadrature with the pressure pa. The effec- 
tive size of entry hole 4 varies inversely with 80 
the clearance k and it has a resistance Ro (its 
resistance with the body 1 stationary and the 
clearance at its normal or mean value) and 
when the said plane surface of 1 is oscillating, 
a varying component of resistance R M is added. 85 

The left hand diagram of Figure 9 shows 
a current vector I^=p a leading the current 



7 B by 90° and the resultant of these two 
currents (7 B and 7 Eo ) is 7e and is in antiphase 
with the displacement vector e, shown dotted 90 
on the right hand diagram of the Figure. 

The alternating pressure component p a is in 
phase with 7 E<) and it can be resolved into a 
component p a cos « in phase with the displace- 
ment vector e, and a component p a sin a in 95 
quadrature with the displacement vector g so 
that when h is increasing p,„ is large, thus 
resisting the increase of k. 

A further embodiment of the invention is 
illustrated in Figure 10. 100 

A shallow cavity 3 is formed in the surface 
of the pad facing the said plane surface of the 
object 1. Gas supply to the cavity 3 is con- 
trolled by a pneumatic amplifier which re- 
sponds to pressure variations in cavity 3 with 105 
a lagging phase relationship. 

The response is such that an increase of 
pressure in cavity 3 results in a decrease of 
current. 

Gas enters a cavity 11 from which a pass- 110 
age 4 leads to cavity 3. A diaphragm 5, which 
forms one wall of cavity 11, co-operates with 
a raised seating 6 formed at the end of passage 
4 remote from cavity 3, to control the flow of 
gas into cavity 3. Diaphragm 5 is urged to- 115 
wards seating 6 by a spring 7 which may be 
adjusted by means of a screwed plug 7a. The 
other side of diaphragm 5 forms a wall of 
a closed cavity 9 the only access to which is 
through a hole 10 in diaphragm 5. 120 

Gas at constant pressure is supplied to cavity 
11 and lifts diaphragm 5 off the valve seating 
6 against the force of spring 7 thus admitting 
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gas to cavity 3. Gas entering cavity 3 escapes 
through the clearance between the surface of 
the wall surrounding cavity 3 and the said 
plane surface of 1. Gas from cavity 3 also 

5 leaks into cavity 9 through a resistance con- 
stituted by the hole 10 in diaphragm 5, though 
an alternative passage could be provided. The 
pressure in cavity 9 builds up with a time con- 
stant t-R u C 0 where R l0 is the resistance of 

10 hole 10 and C 0 is the capacity of cavity 9. 
Equilibrium is reached when the pressure in 
cavity 9 becomes equal to the pressure in 
cavity 3. The volume of cavity 3 is made as 
small as possible. 

15 In the steady state let p» be the pressure 
in cavity 3 and R a the resistance of the leak 
past the edges of the cavity 3. 

If the said plane surface oscillates at a 
frequency / the pressure in cavity 3 becomes 

20 p 0 +p w and the resistance of the leak becomes 

The current leaking past the edges of cavity 
3 is given by the expression 



25 For small amplitudes of oscillation this ex- 
pression may be expanded to 




The last term is small and may be neglected. 
The first term represents the steady component 
30 of flow through cavity 3. 

In cavity 9 the phase of the pressure lags 
behind the phase of the pressure in cavity 3. 
The alternating component / 3 of the current 
entering cavity 3 is in antiphase with this 
35 pressure. 

Vector diagrams for the pressures and 
currents are shown in Figure 11. 

The second term of the above expanded 
expression for the current may be called I nx) 
40 and is represented by the vertical vector of 
the left hand part of Figure 11. 

Joined to the top of this is the vector I u 
representing the current through hole 10. 
Joined to the bottom of the I n <, vector is the 
45 vector I s representing the current passing 
through the varying space between the dia- 

(ho) 

phragm 5 and the seating 6. 7 6 = g and 

(*>C 9 ) 

the term in brackets represents the movement 
of diaphragm 5 Whilst the symbol g represents 
50 the amplification factor (or gain) of the pneu- 



matic amplifier constituted by the valving 
action of diaphragm 5 in co-operation with 
seating 6. Joined to the left hand end of vector 
7 6 is vector* I 3 which is equal to p^Cs and 
represents the current flowing in cavity 3 . Join- 55 
ing the ends of vectors I s and Zi 0 is the vector 
Ie which represents the third term of the above 
expanded expression for current, namely 



P - R 
-o -to 

which is in phase with the oscillatory displace- 60 
ment of the said plane surface. 

The right hand side of Figure 11 shows the 
pressure vectors. A vertical vector p a is parallel 
to the Zko current vector and the displacement 
vector e, which is shown by a dotted line, is 65 
parallel to the Ie vector on the left. The pres- 
sure vector />„ may be resolved in to two 
vectors, p a cos * in antiphase with the displace- 
ment vector e and p„, sin in quadrature with 
the displacement vector e which latter com- 70 
ponent, acting on the said plane surface, resists 
oscillation thereof, and by a suitable choice of 
values, stability may be ensured. 

The said plane surface, in the absence of 
any oscillatory tendency, will take up a posi- 75 
tion in relation to the pad which depends 
principally on the amount of gas entering 
cavity 3, which may be regulated by adjust- 
ment of spring 7 by means of spring la. 

In a practical application, for instance to a 80 
sliding carriage required to move in one direc- 
tion along a slideway, five supporting pads 
could be used, mounted on two inclined planes 
on a slideway, and co-operating with two 
correspondingly inclined flat planes on the 85 
carriage. Two longitudinally displaced pads 
would co-operate with each inclined plane and 
a fifth pad would be required on one of the 
planes, vertically displaced from the other two 
pads in that plane, to prevent rotation of tile 90 
carriage around the axis of intended move- 
ment. Not all these pads need necessarily in- 
corporate oscillation stabilising cavity systems 
and those not so equipped could take the form 
of Figure 1 or 3. In such a case the oscillation 95 
stabilising cavity systems would be confined 
to the positions required to suppress oscillation 
in directions where oscillation might be expec- 
ted to occur. 

In such an arrangement the five pads would 100 
act in opposition to the weight of the carriage, 
which would generally be sufficient to avoid 
lifting of the carriage but downwardly facing 
pads could also be furnished if required. 

In the above description, the pads have been 105 
shown as co-operating with a plane surface 
on the object supported. This surface need not 
necessarily be fiat, of course and could be 
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part cylindrical or part spherical for instance G. A. BLOXAM, 

the upper surfaces of the pad being coires- Agent for the Applicants, 

pondingly shaped. 
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